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MONO-DIAMETER WELLBORE CASING 
- Cross Reference To Related Applications 
This appUcation claims the benefit of the fOing date of U.S. provisional patent 
application serial number 60/237.334. attorney docket nimiber 25791 .48. filed on 
5 10/2/2000. 

This applicatidn is related to the following co-pending applications: (1 ) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791 .03.02. filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02. filed on 2/23«000, (3) U.S. patent applteation serial no. 09/502.350, 

10 attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent appOcatkm serial 
no. 09/440.338, attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000. 
(6) U.S. patent application Serial no. 09/512.895. attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. attorney docket no. 

1 5 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 2579117.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09^59.122. attorney docket no. 25791 .23.02. filed on4/:»C000. (10) PCT patent 
application serial no. PCt/USOO/18635. attorney docket no. 25791.25.02. filed on 
7/9/2000. (11 ) U.S. provisfonal patent applnation serial no. 60/162,671 . attorney docket 

20 no. 25791.27. filed on 11/1/1999; (12) U.S. provisfonal patent application serial no. 
60/154.047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
patent application serial no. 60/159.082. attorney docket no. 25791 .34, filed on 
10/12/1999. (14) U.S. provisfonal patent application serial no. 60/159.039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 

25 no. 60/159.033. attorney do<*et no. 25791 .37. ffled on 10/12/1999. (16) U.S. 

provisfonal patent appltoation serial no. attorney docket no. 

?'>7 qi .38, fi l ed on 6/19/ 20 00 , (17) U . S . prov is ion al p a tent app l ic a Mon coria l no. 

60/165,228. attorney docket no. 2579139. filed on 11/12/1999.(18) U.S. provisional 
patent application serial no. , attorney docket no. 25791.45. filed on 

30 7/28/2000, (19) U.S. proviskmal patent application serial no. , attorney 

docket no. 25791.46. fited on 7/28/2000. and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791.47. filed on 9/18/2000. 

Applicants incorporate by reference the disclosures of these applicatfons. 
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Background of the Invention 
This invention relates generally to welllwre casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of driiling fluid into the formation or Inflow of fluid from the fomiation into the borehole. 
The borehole is drilled In kitervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

10 snrialler diameter than the casing of the upper interval. Thus, the casings are iri a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

1 5 a large borehole diameter involves increased costs due to heavy casing handling 
equlpmenl. large drill bits and inaeased volumes of drilling nuid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, requirekj equipment changes due to large variations in hole 
diameters drilled in the course of the well, and ttie large volume of cuttings drilled and 

20 , renrroved. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of ttie invention, an apparatus for plastically defonnlng 
25 and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of ttie tubular member to a first outside 
diameter, and means for plastically defonning and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 defomiing and radially expanding a tubular menriber is provided ttiat includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to ttie first fluid 
passage and an outer coniMi surface, a removable annular conical sleeve coupled to 
the outer conical surface of Oie expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
defomiing and radially expanding a tubular member is provided that includes plastically 
5 defonning and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically defonning and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present Invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
1 0 deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another poiton of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of ttie 
first tubular member, plastically deforming and radially expanding the second tubular 
15 memberto a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
- are substantially equid. 

According to anottier aspect of the present invention, an apparatus for coupling a 
20 first tubular member to a second tubular member is prxwided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular, member to 
a first outside diameter, means for plastically defonning and radially expanding another 
portion of ttie first tubular member to a second outside diameter, means for positioning 
the second tubular member Inside the first tubular member in overlapping relation to 
25 the first portion of the first tubular member, means for plastically deforming and radially 

expanding ttie second tubular member to a third outside diameter, and 
m pans for pl a sfi ra lly d ef o nn i n g a nd ra d i a ll y e xp a nd i ng the second tubular member to a 
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fourth outside diameter. The inside diameters of ttie first and second tubular members 
after the plastic defonnations and radial expansions are substantially equal. 

According to another aspect of ttie present invention, an apparatus for forming 
a wellbore casing wittiin a wrellbore is provided that includes means for supporting a 
tubular member wittiin the wellbore. means for plastically deforming and radially 
expanding a first portion of ttie tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tulxjlar member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wedbore casing within a wellbore is provided that includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluididy coupled to the first fluid passageand 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
10 valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically defomiing and radially expanding 
1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of fonning a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomiing 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically defomiing 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 
25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defonmations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plasUcally deforming and radially expanding a first portion of the first tubular member to 
30 a first outside diameter, means for plastically defonning and radially expanding another 
portion of the first tubular member to a second .outside diameter, means for positioning 
the second.tubular member inside the first tubular member in overiapping relation to 
the first portion of the first tubular member, means for plastically defonning and radially 
expanding the second tubular member to a third outside diarneter. and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic defonnations and radial expansions are substantially equal. 
According to another aspect of thie present Invention, an apparatus for 
5 plastically deforming and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defomning and radially expanding a tubular member Is provided that includes 

10 a tubular support member including a first fluid pas$age, an expansion cone coupled to 
the tubular support member having a second fluid passage fluididy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lovyer portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

1 5 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes providing 
a lipped portion in a portion of the tubular member, and plastically defonning and 
radially expanding another portion of the tubular member. 

According fo another aspect of the present invention, a method of coupling a 

25 first tubular member to a second tubular member Is provided that includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 

exp a nding a nother p ortion of th e first tubular m e mber, position i ng th e s e cond tubu l ar 

member inside the first tubular member in overtapping relation to the ftpped portion of 
the first tubular member, and plastically deforming ^nd radially expanding the second 

30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equaf. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular mender, means for plastically defomning 



and radially expanding another portion of the first tubular member. means for 
posiUoning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomiing and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic defonnations and radial - 
expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for forming 
a wellbore casing within a weUbore is provided that includes means for supporting a 
tubular member within the wellbore. means for providing a lipped portion in the tubular 
member, and means for plastically defomiing and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fonning 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicly coupled to ttie fust fluid passage and 
an outer conical surface, an annular expansion cone launcher Including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter. and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of fomiihg a 
wellbore casing In a wellbore is provided that includes supporting a tubular member 
within the wellbore. providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of fonning a 
moncHllamfeter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore. providing a lipped portion in a portion of the 
first tubular member, plastically defonning and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tutiular 
member in overiapping relation to the lipped portion of the first tubular member, and 
plastically defonning and radially expanding the second tubular member. The jnslde 
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diameters of the first and second tutnilar memt)ers after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for fomiing 
a mono-diameter wellbore casing within a wellbore is provided that includes means for 
5 providing a Hpped portion in the first tubular member, means for plastically defomring 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member Inside the first tubular member In overlapping 
relation to the Tipped portion of the first tubular member, and means for plastically 
defonming and radially expanding the second tubular member, the inside diameters of 

10 «he first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defonning and radially expanding a tubular member is provided that includes 
nrieansfor plastically deforming and radially expanding afiret end of the tubular 
15 member, and means for plastically defonning and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defonning and radially expanding a tubular member is prwided that includes 
a tubular support member Including a first passage, an expansion cone coupled to the 
tubular support having a second passage fluidlcly coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a va^eable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned m opposite orientations. 

Ar ro r f ling f n an o ther asp ert of the pr oso nt i nv e ntioh. a rfiothod of p l a s tically 
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defonning and radially expanding a tubular member is provided that Includes plastically 
deforming and radially expanding a first end of the tubular member, and plastically 
30 defonning and radiaHy expanding a second end of the tubular member. 

According to another aspect of the preisent invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes positioning 
ttie second tubular mennber inside the first tubular member in an overlapping 
relationship, plastically defomiing andradially expanding the end of the second tubular 
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member that overiaps with the first tubular member, and plastically defonning and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member Is provided that includes means for 
positioning the second tubular member Inside the first tubular member in an 
overlapping relationship, means for plastically defonning and radially expanding the 
end of the second tubular member that ovierlaps with the fiist tubular member, and 
means for plastically defonning and radially expanding the remaining portion of the 
second tubular memt)er. 

According to another aspect of the present invention, an apparatus fprfbmiing 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore. means for plastically defonning and radially 
expanding a first end of the tubular member, and means for plastically defonning and 
radially expanding a second end of the tubular member. 

According to anottier aspect of the present Invention, an apparatus for fonning 
a wellbora casing witWn a wellbore Is provided ttiat includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support havbig a 
second passage fluidicly coupled to ttie first passage and an outer connal surface, an 
annular expansion cone launcher movably coupled to outer conical surface of tire 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and anottier annular expansion cone 
rnovaWy coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

According to anottier aspect of ttie present invention, a mettiod <rf forming a 
wellbore casing wittiin a wellbore is provided ttiat includes plastically defonning and 
radially expanding a first end of ttie tubular member, arftl plastically defonning and 
radially expanding a second end of ttie tubular member. 

According to anottier aspect of the present invention, a method of fonning a 
wellbore casing wittiin a wellbore is provided ttiat includes plastically defonning and 
radially expanding a first tubular member wittiin ttie wellbore. positioning a second 
tubular member Inside the first tubular member in an overiapping relationship, 
plastically deforming and radially expanding ttie end of ttie second tubular member ttiat 
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overlaps with the first tubuter member, and plastically defom,ir,g arKl radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present Invention, an apparatus Ibr fomilng 
a wellbore casing within a wellbore is provided that Includes means for plastically 
defom^ng and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member Inside the first tubular member in an 
overiapping relationship, means for plastically deforming and radial V expanding the 

end of theseoondtubularmemberthatoverlapswith the first tubular member and 
means for plastically defomiing and radially expanding the remaining portion of the 
second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap betweer, opposing pairs of wellbore casing within a wellbore is provided 
that includes means for supporting a tubular member in overlapping relation to the 
opposing ends of the weBbore casings, means for plastically defomiing and radially 
expanding the tubular member, and 

means for plastically defomiing and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present Im/ention. a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellboie.is provided that 
includes supporting a tubular member in overlapping relation to the opposing ends of 
the wellbore casings, plastically defomiing and radially expanding the tubular member 
and plastically defomiing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of fomiing a 
structure havjng desired strength characteristics is provided that includes providing a 
first tubular member, and plastically defomiing and radially expanding additional hibular 
members onto the intenor f>urfafft nfthn first fhntar mn.nKn. t h n rionirod ctrongU . 
characteristics are achieved. 



According to another aspect of the present invention, a method of fomiing a 
wellbore casing wittiin a wellbore having desired strength characteristics is provided 
that Includes plastically defomiing and radially expanding a first tubular member within 
ttie wellbore. and plastically deforming and radially expanding additional tubular 
members onto ttie interior surface of the firat tubular member until ttie desired stiength 
Characteristics are achieved. 
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According to another aspect of the present Invention, a method of coupling a 
first tubular member to a second tubular member, the frrst tubular member having an 
original outside diameter ODo and an original wall thickness to. is provided that includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically defonning and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member Inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically defomiing and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially eJcpanding 
10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16, 

1 5 According to another aspect of the present Invention, a method of fomiing a 

mono-diameter wellbore paslng is provided that Includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outside diameter 
ODo-and an original wall thickness to. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defonning 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member, plastically defonning 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomning and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 1 6. 

- According to another aspect of the present invention, an apparatus is provided 

30 that includes a plastically defomned and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter The ratfo of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16.. 



10 



10 



15 



According to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plasUcally deformed and radially expanded second tubular 
member coupled to the first porlion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. 

According to another aspect of the present Invention, a wellbbr« casing fonned 
in a wellbore is provided that includes a plastically defomied and radially expanded first 
tubular member having a first portion having a first outeide diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubularmember coupled to the first portion of the first tubular 
member. The raUo of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 
that includes a plastteally deformed.and radially expanded tubular member. The ratio 
of the original outside diameter of the tubular member to the original wall thickness 
to of ttie tubular member is greater than or equal to 16. 

Brief Description of the Drawings 
Fig. la is a cross sectkmal^ illustration of a wellbore Including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Rg, 1c IS a cross-sectfonal Illustration of the injection of fluidic materials through 
25 theapparatusof Fig. lb. 

Rg. Id Is a cross-sectkxial inusHation of the injecfion of harderiaUe fluMIc 
sealing materials through ihg apparatiic ^ ic 

Fig. le is a cross-sectional lustration of the pressurizatton of the region bekjw 
the expansion cone of the apparatus of Fig. 1 d. 

Fig. If is a cross-sectronal illustratton of the continued pressurizatKtn of the 
region below the expansion cone of the apparatus of Fig. le. 

Fig. 1g is a CToss-sectional iHustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If folkwing the removal of 
the over-expanskm sleeve. 
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Fig. 1 h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

F«. 1i IS a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. Ih. 

Pig. 1j is a cross-sectional iOustiation of the radial expansion of another 
expandable tubular member that overiaps with ttie apparatus of Rg. ii. 

Fig. Ik is a cross-sectional Illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 1L 

Rg. II is a cross-sectional illustration of the completion of the secondary radial " 
expansion of the other expandable tubular member of Fig. 1 k to form a monoKliameter 
wellbore casing. 

Fig. 2a is a ctoss sectional illustration of a wellbore including a preexisfing 
wellbore casing. 

Fig. 2b is a cross-sectkjnal aiustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 23^ 

Fig. 2c is a cross-sectional illustration of the injectton of flgidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection <rf haidenable flukJic 
sealing materials Uirough the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region betow 
the expansion cone of ttie apparatus of Fig. 2d. 

Fig. 2f Is a cross-sectional illustration of ttie continued pressurization of the 
region bekMv ttie expanston cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional Wustration of the completion of ttie radial expanston 
of ttie expandable tubular member of ttie apparatus of f^ig. 2f. 

Fig. 2h is a cross-sectional illustration of ttie drilling out of a neW section of ttie 
wellbore below ttie apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of ttie radial expansion of anottier 
expandable tubular member that overiaps witti ttve apparatus of Fig. 2h. 

Fig. 2j is a cross-sectional illustration of ttie secondary radial expansran of ttie 
ottier expandable tubular member of the apparatus of Fig. 21. 

Fig. 2k is a cross-sectional illustration of ttie completion of ttie secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-dianieter 
wellbore casing. 
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Fig. 3 is a cross-sedional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative emtxxJiment of the over- 
expansion insert of Rg, 3, 

Fig. 4 is a cross-sectional iflustration of an alternative emt)odiment of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Rg. 5a is a cross-sectional Illustration of a wellbore induding a preexisti^^ 
wellbore casing. 

Rg. 5b is a cross-sectiona! illustration of the fomiatkjn of a new section of 
wellbore casing In the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross^tional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Rg. 5b. 

Fig. 6d is a fragmentary cross^ctional illustration of the Inflation of the 
inflatable bladder of Fig. 5c. 

Fig. 5e is a aoss-sectional illustration of the new section of wellbore casing of 
Fig. 5d after over-expansion. 

Rg. 5f is a cross-sedional illustration of the new section of wellbore casing of 
Rg. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the fonnation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a aoss-sec«onal illustration of a wellbore including a preexisting 
welll>ore casing. 

Fig. 6b is a cross-sectional illustration of the fonnation of a new secUpn of 
wellbore casing in the wellbore of Rg. 6a. 

Rg. 6c is a fragmentary cross-sectional illustratton of the placement of a roller 
radial ftypansion devi c e i nto the 4^ ew section of the wollboro casing of Fig. 6 b: 



Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of 
Rg. 6d after drilling out a new section of the wellbore. 

. Fig, 6f Is a cross-sectional illustration of the fonnation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7aisaaosssecUonalillustratfonofawellboreincludingapreexlstlng 

wellbore casing. 

Fig. 7b is a aoss-sectional illustration of the placen^nt of an eitibod-^nt of a^ 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Rg. 7c Is a cross-«edional illustration of the injection of fiuidic materials through 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional Illustration of the injection of hardenable fiuidic 
sealing materials through the apparatus of Rg. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
the e)q)ansion cone of the apparatus of Rg. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the compleUon of the radial expansion 
of the expandable tubular member of the apparatus of Rg. 7f. 

Rg. 7h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Rg. 7g. 

Fig. 71 is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to fomi a monoKliameter wellbore casing. 
Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Rg. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. ' 

Rg. 8c is a cross-secUonal illustration of the injection of fiuidic materials through 
the apparatus of Rg. 8b. 

Fig. 8d is a cross-sectional iHustration of the ir\jection of a haidenable fluidic 
sealing material through the apparatus of Rg. 8c. 

Fig. 8e is aoss-sectional illustration of the isolation of the region below the. 
expansion cone and within the expansion cone launcher of the apparatus of Fig^ 8d. 

Fig. 8f is a cross-sectional illustration of the plastic defonnation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Rg. 8e. 

Fig. 8g is a aoss-sectional illustration of the removal of the upper expansion 
cone fi-om the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
•' member. 

Fig, 8i Is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectlonal fliustration of the further radial expansion of the 
apparatus of Rg. 8i in ofder to fonn a monoKliameter wellbore casing. 

Fig. 9a Is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional Illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular rhember of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 
expansion device of Fig. 9c. 

Fig. 9e is a cro^s-sectlonal of a monoHliameter weHbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 
includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 11a Is a cross-sectional illustraUon of a wellbore including a casing fomied 
by plasUcally defomiing and radially expanding a first tubular member. 

Fig. 1 lb is a Cfoss-sectional iDustratnn of a wellbore including another casing 
coupled to the preexisting casing by plastically defbmiing and radially expanding a 
second tubular memt)er. 

Fig 1 1 r is a r . rn ss-<;prt inn al il lustrati o n of afflono ^l ia m etor wo llboro c a sing 



formed by radially expanding the second tubular member a second time. 

Detailed DescHption 

30 Several embodiments of methods and apparatus for fomiing a moncvdiameter 

wellbore casing are disclosed. In several allemaeve embodiments, the methods and 
apparatus may be used for form or repair mono^iameter wellbore casings, pipelines, 
or structural supports. Furthennore. while the present illustrative embodiments are 
described with reference to the fomration of monosfiameter wellbore casings, the 
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teachings of the present disclosure have general application to the fonnation or repair 
of welltjore casings, pipelines, and structural supports. 

Refeaing initially to Fig. la. a welltx)re 10 includes a preexisting weUbore 
casing 15. The wellbore 10 may be oriented in any orientation f«,m the vertical to the 
honronlal. The preexisting welHx„e casing 15 n^y be coupled to the upper portton of 
the wellbore 10 using any number of corwenUonal methods, in d preferred 
embodiment, the v^ellbore casing 1 5 is coupled to the upper portion of the wellbore 1 0 
using oT» or more of the methods and apparatus disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454.139. attorney docket no 
25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no! 09/510 913 
attomey docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791 .9.02. filed on 1 1/15/1999. 
(5) U.S. patent applicatioh serial no. 09/523.460. attomey docket no. 25791 .1 1 02 filed 
on 3/10C000. (6) U.S. patent appHcation serial no. 09/512.895. attomey docket no 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941 
attomey docket no. 25791.16.02. filed on 2C4/2000. (8) U.S. patent application serial 
no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26«000. 
(10) PCT patent applicaUon serial no. PCT/USOa/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (1 1) U.S. provisional patent application serial ho. 
60/162.671. attomey docket no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional 
patent applicatkin serial no. 60/154.047. attomey docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provisional patent appBcatfon serial no. 60/159.082. attomey 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provlstonal patent application serial 
no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attomey docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. ■ 
attomeydocketno. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
applicatkm serial no. 60/165.228. attomey docket no. 25791.39. filed on 1 1/1 2/1999. 

(18) U.S. provisional patent application serial no. attomeydocketno. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

. attomey docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 

proylsfonal patent application serial no. ' attorney docket no. 25791.47. 
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filed on 9/18C000. the disclosures of which are Incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expariding a tubular member 
may then be positioned wittiin the wellbore 10. The apparatus 100 includes a tiibular 
support member 105 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radiaUy expanding tubular members is coupled to an end of the tubular support 
member 105. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 1 15. In 
several altemative embodiments. Vhe over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials, in order to ^'lltate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of Vt» over-expansion sleeve 1 30. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expanston cone 115 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intermediate 
portion that mates with ttie expansion cone 1 15 and the over-expansion sleeve 130. an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 1 35. In a prefen^ed embodiment, the 
valveable passage 145 may be controllably closed in order to fluididy isolate a region 
150 below the expansion cone 115 and bounded by the lower pdrtion of the expansion 
cone launcher 135 and the shoe 140 firom the region outside of the apparatus 100. 
A n e xpandable tubular member 155 ia coup l ed to tho upp e r portion o f Mi e 



expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of ttie upper portion of the expandable tubular member 155. In 
several altemative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for. or used 
In addition to. the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105. the expansion cone 1 15 
the expansion cone launcher 1 35. the shoe 140. and the expandable tubular member 
155 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139. attorrVey docket no. 25791.03.02. filed on 
120/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02. filed on 2G3C000. (3) U.S. patent applicaUon serial no. 09/502.350. 
attorney docket no. 25791.8.02. filed on 2/10C000. (4) U.S. patent application serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent " 
application serial no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000. 
(6) U.S. patent application serial no. 09/51 2.895. attorney docket no. 25791. 1Z02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. attorney docket no. 
25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559.122. attorney docket no. 25791 .23.02, filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 
7/9C000. (11) U.S. provistonal patent applteatk>n serial no. 60/162.671. attomey docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisk>nal patent appKcatfori serial no. 
60/154.047. attomey docket no, 25791 .29. filed on 9/16/1999. (13) U.S.. provisk>nal 
patent applicaUon serial no. 60/159,082. attomey docket no. 25791.34. filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039. attomey 
docketno. 25791.36. filed on 10/12/1999. (15) u:s. provisional patent application serial 
no. 60/159,033. attomey docket no. 25791.37. filed on 10/12/1999. (16) U.S. 
proviswnal patent applicatton serial no. ■ ' attorney docket no. 

25791.38. filed on 6/19C00O. (17) U.S. provisional patent appOcatkHi serial no. 
60/165.228. attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. provisional 

patent application serial no. attorney docket no. 25791 .45. filed on 

7/28/2000. (19) U.S. provisional patent application serial no. _, attomey 

docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. . , attomey docket no. 25791.47. filed on 9/18/2000. the 

disclosures of which are incorporated herein by reference. 

As illustrated in Rg. 1 b. in a preferred ernbodiment. during placement of the 
apparatus 100 within the wellbore 10. fiuklk: materials 165 vAVtw) the wellbore 10 are 
conveyed through the apparatus 100 through the passages 1 10. 120 and 145 to a 
tocation above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 1 00 within the weflbore 1 0 are. leduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the weWxwe 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons havirjg ordinary skill In the art. the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansfon. and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 1c. a flukjic material 170 may then be injected through the 
apparatus 100 through the passages 1 10. 120. and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id. a hardenable fluWic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10. 120 and 145 into the 
15 annulus between the apparatus and the wellbore 10, In this manner, an annular bamer 
to fluki migration into and out of the wellbore 10 may be fomied arouiid the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fiuidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the Injection of the hardenable fiuidic sealing materia 
175 may be omitted. In several attemative embodinients, the hardenable flukfic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e. a non-hardenable fluWic material 180 may then be 
injected into the apparatus through the passages 1 10 and 120. A ball plug 185, or 
<aher similar device, may then be injected with the fluidic material 1 80 to thereby Seal 
25 off the passage 145. Irv this manner, the region 150 may be pressurized by the 
cont&Hjed in^ctkm of the fluWic material 180 Into the apparatus 100. 

■■ A s i l lustr a ted in Fig. If. tho continued Injection of the fiuidic materia l 1 6 0 i nt o th e 

apparatus 100 causes the expanskin cone launcher 135 and expandable tubular 
number 155 to be plasbcaliy deformed and radially expanded off of the over-expansion 
sleeve 130. In this manner, the expansion cone 115 and over-expansion sleeve 130 
are displaced relative to the expansion cone launcher 135 arid expandable tubular 
member 1 55 in the axial direction. 

After a predetennined time period and/or after a predetennnined axial 
displacement of the expanskwi cone 115 relative to the expansion cone launcher 135 
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and expandable .ubular member 155. the over^nslon sleeve 130 may be removed 

predetemmied upwanl shock load to the support member 105. ,n a preferred 
^^^--^.•^esnoc^^causes^ 

. ^-"»--"P'e-thatare.henfo,<»doffof.heoutercon^^^ 

preferred embodiment, the pfecesof the over^anslonsleevel^ 
grainsofmatenalbytheconb-nuedpressufetlonofthereglonlSO 

ee e 1 3Q. the continued pressurization of the region 1 50 causes the expandable 

.ar member 1 55 to be p.s«ca,,y defom^d ar. radial, e^^^^^^ 

" "''"^''°'''^~«'"^^^^-^°^-^^"^--ntof 
ad^lexpa^^^ 

less than the amount of radial expansion pravlded by the combination of the over- 
expans.on sleeve 130 and the expansion cone 115. In this manner, as Illustrated In 
F.g. 1h. a recess 185 is formed in the radially expanded tubular member 155 

After completing the plastic defom«Uon and radial expansion of the tubular 
member 155. the hardenable fluidic sealing material is allowed to cure to thereby fom, 
an annular body 190 that provides a barrier to fluid flow into or out of the wellbore 10 

Referring toFig. 11. the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the weObore 1 0 may also be 
dniled out in order to pem,it additional expandable tubular members to be coupled to 
me bottom portion Of theplasticallydefom^d and radially expanded tubular member 

Referring to Fig. U a tubular member 200 may then be plastically delbm«d 
and radially expanded using any number of conventional methods of radially expanding 

a tubular merrier, in a prefenred embodiment, the upper portbn Of the radially 
exj^ndedtubularmember 200 overlaps With and ^^^^ 

205 are coupled to the exterior surface Of the upper portion Of (he tubular me^ 
in a preferred embodiment, the sealing members 205 seal theinterface between the 

upper portion Of the tubular member ZOOandtherecessed portion 185 Of the tubular 
member 155. In several alternative embodiments, thesealing member. 205 may 

.nciudeelastomericelementsand/ormetaHicelementsand/orcomposlteelements. In 
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several alternative emlxxJiments. one or more anchoring elements may substituted for. 
or used in addition to. the sealing tneirtets 205. In a preferred emtxxliment. an 
annular body 210 of a hardenable fluidic sealing material is also fornied around the 
Ujbular number 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically defonned and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed In the fdlowing: (1) U;S. patent application serial no. 
09M54.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09«10i913. attorney docket no. 25791.7.02. filed on 2J23I2000, 
(3) U.S. patent appfication serial no. 09/502.350. attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent applicatnn serial no. 09/440.338. attorney docket no. 
25791.9.02, filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791.1 1 .02. filed on 3/10/2000. (6) U S. patent application serial 
no. 09/512.895, attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
applicatfon serial no. 09/51 1 .941 . attorney docket no. 25791 .16.02, filed on 2/24/2000. 
(8) U.S. patent applicatkNi serial no. 09/588,946, attorney docket no. 25791. 17.02. filed 
on 6/7/2000. (9) U.S. patent appDcatkm serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/1 8635. attorney docket no. 25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. 
provisional patent applicatkMi serial no. 60/162.671 , attorney docket no. 25791 .27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provlaonal patent applicatkm serial no. 60/1 59.039. attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.& proviskxial patent appScainn serial no. 60/159.033. attorney 
docket no. 25791.37. fited on.10/12/1999. (16) U.S. provisional patent application serial 
Forney dock e t no. 25701.3 8 , fitod on 6 /1 9 /2000. (17) U.S. 



provisional patent application serial no. 60/165.228. attorney docket no. 25791.39, filed 

on 1 1/12/1999. (18) U.S. provisional patent appfication serial no. __, 

attomey docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

appBcatkm serial no. , attomey docket no. 25791.46. filed on 7/28/2000. 

and (20) U.S. provistonal patent applicatkm serial no. . attomey docket 

no. 25791.47. filed on 9/18/2000. the disctosures of whfch are incorporated herein by 
reference. 
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In an altemafive embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be ladlaily compressed before, 
during and/or after curing. 

Referring to Fig. 1k. an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and.200 are substantially equal, in this manner, as illustrated In Fig. II. 
a monoKliameter wellbpre casing may be formed. 

Referring to Rgs. 2a and 2b. in an alternative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 31 0 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular member? is coupled 
to an Old of the tubular support member 305. An annular conical over^xpansion 
Insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movaWy coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330. an a loWer 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 riiay be controliably closed in order to fluididy isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3. the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a. 330b. 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cpne 315 and 
30 the Inner surface of the intermediate portion of the expansion cone launcher 335. In 
this marmer. the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intemiediate portion of the expansion cone launcher. In this manner, a recess may be 
fomied in the radially expanded expansion cone launcher 335. In several alternative 
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embodiments, the inserts 330a. 330b. 330c. and 330d fall out of tt» recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an altemative embodimenVas illustrated in Fig. 3a. the bver expansion insert 
330 further includes inteimediate resilient members 331a. 331b. 331c. and 331d for 
resiliently coupling the inserts 330a. 330b. 330c. and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 cabses the over-expansion Insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several altemative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for. or used 
in addition to, the sealing rn^nbers 360a and 360b. 

in a preferred embodiment, the support member 305. the expansion cone 315. 
the expansion cone launcher 335. the shoe 340, and the expandable tubular member' 
355 are provided substantially as disclosed in one or more of the foBowing: (1) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02. filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1l!o2, filed on 3/10^000. 
(6) U.S. patent application serial no. 09/512.895. attorney docket no. 25791.12.02, filed 

on 2 / 2 4 / 2 QQ 0. (7 ) U S p a tent ap plir at i nn serial no. 09 / 511,941. a ttorney dock et no. 

25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. . 
attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559,122. attorney docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 
7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162.671 . attorney docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provistonal patent applicatkin serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
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patent application serial no. 60/159.082. attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039 attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033.-attomey docket no; 25791.37. filed on 10/12/1999. (16) U S 
provisional patent application serial no. attorney docket no 

25791 .38. filed on 6/19/2000. (17) U.S. po^iskxial patent application serial 
60/165.228. attorney docket na 25791.39. filed on 1 1/12/1999. <18) U.S. provisional 

patent application serial no. . atfan^ docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provisional patent application serial no. attorney 
docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. ^_ . attorney docket no. 25791.47. filed on 9/180000. the 

disclosures of wtifch are incorporated herein by reference. 

As illustrated in Fig. 2b. in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10. fluidic materials 365 within the wellbore 10 are 
conveyed through the appai3tus 300 through the passages 310. 320 and 345 to a 
location above the apparatus 300, In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is Initially positioned within the wellbore 10 such that the top portkm 
of the tubular member 355 overiaps with the preexisting casing 1 5. In this manner, the 
upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. /te will be recognized by 
persons having ordinary skill in the art. the precise initial posltton of the expandable 
tubular member 355 will vary as a functwnof the amount of radial expanston. the 
amount of axial shrinkage during radial expansion, and the material properties of the 
25 expandable tubular member. 

As illustrated in Fig. 2c. a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 310. 320. and 345 In order to test the proper 
operation of these passages. 

As illustrated in Fig. 2d. a hardenable fluidic sealing material 375 may then be 
injected through the apparatus 300 through the passages 310. 320 and 345 into the 
annulus between the app^tus and the wellbore 10. in this manner, an annular barrier 
to fluid migration into and oiit of the wellbore 1 0 may be fonned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mbdure. In 
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several alternative embodiments, the in|ecOon of the hardenable fluklic sealing material 
375 may be omitted. In several altemative embodiments, the hardenable fluidic seafing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Rg. 2e. a non-hardenable fluidic material 380 may then be 
Injected into the apparatus through the passages 310 and 320. A bail plug 385. or 
other similar device, may then be injected with the fluidic material 380 to thereby seal 
off the passage 345. tn this manner, the region 350 may be pressurized by the 
continued tajectton of the fluidic material 380 into the apparatus 

As illustrated in Fig. 2f. the continued injection of the fluidic material 380 Into the 
apparatus 300 causes the expansldn cone launcher 335 to be plastically defomied and 
radially expanded off of the over-expansion insert 330. In tWs manner! the expansion 
cone 31 5 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330. the radial expansion of the expansion cone launcher 335 and expandable 

tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 Is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 
315. In this manner, as illustrated in Fig. 2g. a recess 390 is fonried In the radially 
expanded tubular member 355. 

In several altemative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by felling out and/or removal using a conventional retrieval tod. In 
an altemative embodiment, the reslHent force provided by the resilient members 331a. 
331b. 331c and 331d cause the insert 330 to collapse in-the radial direction and 
thereby fall out of the recess 390. In an altemative embodiment, as ffiustrated in Fig. 4. 
one or more resilient hooks 39.'>q a nd 3 95h arP cou p M t o the bottom of th o e xp a ns i on 
cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 

After completing the plastic defonnation and radial expansion of the tubular 
member 355. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 400 that provides a barrierto fluid flow Into or out of the wellbore 10. 

Referring to Fig. 2f». the shoe 340 nay then removed by drilling out the shoe 
using a conventional drilling device. A new section of the weObore 10 may also be 
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drilled ou. in order ,o pennit additional expandable tubular members to be axipled to 
«ie bottom portion of the plastically defom,ed and radially expanded tubularmember 

OOO. 

R^fe'Ting to F.g.2i. a tubular member 405 may then be plastically defomied 
a.Kl radially expanded using any number Of conventional mem^^ 
a hibular member. "> a preferred embodiment, the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
o the tubularmember 355. inapreferred embodiment, oneormoreseaingme^^ 

410are coupled to the exterior surface of the upper portion Of the tubularmember^ 
In a prefen-ed embodiment, the sealing members 410 seal the Interface between the " 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 

.ncludeelastomericelementsand/ormetallicelementsand/orcompositeelements In 
several alternative embodiments, one or more anchoring elements may substituted for 

or used in addition to. the sealing members 410. In a preferted embodiment, an . 
annular body 41 5 of a hardenabte fluldic sealing material is also fomied around the 

tubular member 405 using one or more conventional methods. 

In a preferred embodiment, the tubular member 405 is plasticaBy defom,ed and 
radrally expanded, and the annular body 41 5 is fomied using one or mom of the 
apparatus and methods disclosed in the following: (l) U.S. patent application serial no 
09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U S patent 
application serial no. 09/510.913. attorney docket no. 25791 .7.02. filed on 2/23/2000 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791 8 02 filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attorney docket no 
25791.9.02. filed on 1 1/15/1999. (5) U.S. patent applicatfon serial no. 09/523 460 ' 
attomey docket no. 25791.11.02. filed on 3/10/2000. (6) U.S; patent application serial 
no. 09/512.895. attomey docket no. 25791.1Z02. filed on 2/24/2000. (7) U S patent 
appHcation serial no. 09/511.941. attomey docket no. 25791.16.02. filed on 2/24/2000 
(8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791 17 02 filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no ' 
25791.23.02. filed on 4/26/2000. (10) PCX patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (1 1) U S 
provisional patent application serial no. 60/162.671. attomey docket no. 25791.27 filed 
on 1 1/1/1999. (12) U.S. provisional patent applfeation serial no. 60/154.047. attomey 
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docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.<l82. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033. attorney 
docket na 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 

• attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent applicatkm serial no. 60/165.228. attorney docket no. 25791.39, filed 

on 1 1/12/1999. (18) U.S. provistonal patent application serial no. J 

attorney docket no. 25791 .45. filed on 7/28/2000. (1 9) U.S. provfeional patent 

application serial no. _ ^ attorney docket no. 25791.46, filed on 7/28/2000. 

and (20) U.S. provisional patent applicatfon serial no. . attorney docket 

no. 25791.47, filed on 9/l8«2Q00. the disctosures of wfifcti are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
altertiaUve embodiments, the annular body 415 may be radially compressed before. . 
during and/or after curing. 

Refening to Fig. ^. an expanskm cone 420 may then be driven in a downward 
direction by fluid pressure arnl/or by a support member 425 to plastically defonn and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k. 
a mono-diameter wellbore casing may be fomied. 

Refemng to Figs 5a-5b. in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically defomfied and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
fomied around the tubular member 500 using any number of conventional methods. In 
a pre f errfid ftmhodiment, fhp tnh i il ar m e m be r 500 is p lasti cal l y d e fonn o d and tadioHy 



expanded and the annular body 510 is fomied using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
no. 09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
applicalion serial no. 09/510.913. attorney docket no. 25791 .7.02. filed on 2/23/2000, 
(3) U.S. patent applkation serial no. 09/502.350, attorney docket no. 25791.8.02. filed 
on 2/102000. (4) U.S. patent appfication serial no. 09/440.338. attorney docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460. 
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no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S patent 

(8) OS^patent application serial no. 09/588.946. attorney docket no. 25791 17 02 filed 
5 -;^^.(9)U.S.patentap,icat.nsenarno.09/559.1^ 

25791.23.02.filedon4/26«000.(10,PCTpatemappficationseria.J 

PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2^ 

provisional patent application serial no. 60/162.671. attorney docketn^ 

on 1,1/1999. (12) U.S. provisional paten. app.ica«on se^l no. 6^154.04ra«ir 

no6^:;9r'r'^"'''''''^^^^'-'^^^^^^^^^^^ 

no. 60/159.082. attorney docket.no. 25791.34. filed on 10/12/1999 (14) U S 
provi^onal patent applicatk>n serial no. 60/159.039. atton^ey docket no. 25791.36. filed 
on 10/12/1M9. (15) U.S. provisional patent application serial no. 60/159.033 attorney 

docket no. 25791.37, filed on 10/12/199<1 M#5\ lie - • . . ' 
^5 1 wi-i/1899, (16) U.S. provisional patent application serial 

, attorney docket no. 25791.38. filed on 6/19/2000. (17) U S 

provisional patent application serial no. 60/165.228. attorney docket no. 25791 39 filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

20 Z'^nln f " — - 7^«^000. 

20 and (20) U.S. provisional patent application serial no. _^ attorney docket 

no 25791.47. filed on 9/18«000. the disctosures of which are incorporated herein by 
reference. ^ 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing; 

Referring to Rgs. 5c and 6d. a conventional inflatable bladder 515 may then be 
positioned v^ithin the tubular member 500 and inflated to a suflicient operating pressure 
to plastically defom, and radially expand a portion of the tubularmember to thereby 
form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f. the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional dnlling device. 

Referring to Fig. 5g. an additional tubular member 525 may then be plastically 
de om^d and radially expanded in a conventional manner and/or by using one or more 
Of the methods and apparatus described above in order to fom, a moncHliameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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525, an annular body 530 of a fluidic sealing material may be fonrod around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit the over-expansion process to be 
perfonned during the radial expansion process implemented using the expansion cone. 

Referring to Rgs 6a-6b. in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of weilbore casing 15 using any number of 
converitlonal methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubiilar member 600 using any number of comrenConal methods. In 
a preferred embodiment, the tubular member 600 is plastically defomied and radially 
expanded and the annular body 610 is fonmed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
no. 0»454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791 .8.02. filed 
on 2/10/2000. (4) U.S. patent applicatk)n serial no. 09/440,338. attorney docket no. 
25791.9.02. filed on.1 1/15/1999. (5) U.S. patent appficatkm serial no. 09/523.460. 
attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 2579 1.1 2.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946, attorney docket no. 25791 .17.02. filed 
on 6/7/2000. (9) U.S. patent applicatton serial no. 09/559.122. attorney docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. att«Smey docket no. 25791.25.02. filed on 7/9«000. (11) U.S. 
pmvi s inn al p at e nt a pp li c atfon s p ri a l n o Rn /lfi7 , R7i„ mtnm n y ^ ^ ^ ^ 25701.27. fi le d 



on 11/1/1999. (12) U.S. provisional patent applicaUon serial ho. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
proviskmal patent application serial no. 60/159.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisfonal patent applicatfon serial no. 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provistonal patent applicatfon serial 
"°- . attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 
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provisional patent application serial no. 60/165,228. attorney docket no. 25791 .39, filed 

on 1 1/12/1999. (18) U.S. provisional patent applicaUon serial no. ^ 

attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent 

- application serial no. ; , attorney docket no, 25791.46. filed on 7/28/2000. 

6 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47. filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In several alternative emlxxJinfients, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

1 0 Refemng to Figs. 6c and 6d. a conventional roller expansion device 61 5 may 

then be positk)ned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby fonn 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

1 5 skill in the art, a roller expansion device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several altemative embodiments, the roller expanston device 61 5 rhay 
include eccentric rollers such as, for example, as disclosed in U.S. Pat. Nos. 6,014,779 
and 6.083,608. the disclosures of which are incorporated herein by reference. 

20 Referring to Figs. 6d and 6e, the roller expansion device 61 5 may then be 

^removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Rg. 6f, an additional tubular member 625 may then be plastically 
defomied and radially expanded in a conventlpnal manner and/or by using one or more 
of the methods and.apparatus described above in order to form a mono-diameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an anriular body 630 of a fluidic sealing material may be formed arbund the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altemative embodiments, the roller expansion device 615 may be 

30 - coupled to the bottom of an expansion cone in order to pennit the over-expansion 
process to be performed during the radial expanision process inr^plemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting welltwre casing 16 nnay be coupled to the upper portion of 
the wellbore 1 0 using any number of conventional nrielhods. In a preferred 
embodiment, the wellbore casing 15 Is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
5 following: (1) U.S. patent application serial no. 09/454.139, attorney docket no. 
25791 .03,02, filed on 120/1999. (2) U.S. patent application serial no. 09/510,91 3, 
attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 257918.02, filed on 2/10/2000, (4) U.S. patent 
applicatfoh serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, 

10 (5) U.S. patent application serial no. 09/523,460. attomey docket no. 25791.1 1.02, filed 
on 3/1 0/2000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791.12,02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. 
attomey docket ho. 25791,16,02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946, attomey docket no, 26791.17,02. filed on 6/7/2000, (9) U.S. patent 

1 5 applicatron serial no. 09/559,1 22. attomey docket no. 25791 .23.02, filed on 4/26/2000. 
(10) PCT patent applicatton serial no. PCTAiSOO/1 8635, attomey docket no. 
25791 .25.02. filed on 7/9/2000, (1 1) U.S. provisional patent apprication serial no. 
60/162.671. attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attomey dcicket no. 25791.29, filed on 

20 9/1 6/1 999. (13) U.S. provisbnal patent application serial no. 60/1 59.082. attomey 

docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attomey docket no. 25791,36. filed on 10/12/1999. (15) U.S. 
provisional patent applicatfon serial no. 60/159.033. attorney docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provisional patent applicatk3n serial no. _, 

25 attomey docket no. 2579138. filed on 6/19^)00. (17) U:S. provisional patent 

application serial no. 60/165.228, attomey docket no. 25791 .39. filed on 1 1/12/1999, 

(1 8) U.S. p rovi sional pate nt a p p l ica t io n se rial no. , attorney do ck et no. 

25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
. . attomey docket no. 25791 .46. filed on 7/28/2000. and (20) U.S. 

30 provisional patent application serial no. , attomey docket no. 25791 .47, 

filed on 9/1 8/2000, the di$ck)sures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may becoupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular memt}ers. 
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Referring to Fig. 7b. an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. Ttie apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
for radiaBy ex|>an(8ng tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is ifiovably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intemiediate portion 735b that mates with the 
expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controOably closed in order to fluididy isolate a region 750 below the 
expansion cone 71 5 arid bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside <rf the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for. or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support mennber 705. the expansion cone 715. 
the expansion cone launcher 735. the shoe 740, and the expandable tubular memijer 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791 .03.02. filed on 
12«/1999, (2) U.S. patent application serial no; 09/510.913. attorney docket no. 
25791.7.02. filed on 2/23«000. (3) UJS. patent application senal no. 09/502.350, 
attorney dock^ no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent appllcatkxi serial 
no. 09/440,338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attorney docket no. 25791 .1 1.02. filed on 3/10C000. 
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(6) U.S. patent application serial no. 09/512.895, attorney docket no. 25791.12.02. filed 
on 2J24l2m, (7) U.S. patent application serial no. 09/51 1 ,941 , attorney docket no. 
25791 .16.02. filed on 2/24/2000. (8) U.S. patent applicatton serial no. 09/588.946, 
attorney docket no. 25791 .17.02. filed on 6/7/2000. (9) U.S. patent appiteatk>n serial 
no. 09/559.122. attorney docket no. 25791.23.02. filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 
7/9/2000, (1 1) U.S. provisfonal patent application serial no. 60/162.671. attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent appficatton serial no. 
6W154,047, attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provistonal 
patent appficatnn serial no. 60/159,082. attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent applteation serial 
no. 60/159.033. attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 
provisional patent applicatfon serial no. ' attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
6W165.228. attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. provisional 

patent appOcatton serial no. . . attorney docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provisfonal patent application serial no. , attorney 

docket no. 25791.46. filed on 7/28^000. and (20) U.S. provisional patent applicatkin 

*«"3l no. ^ [ . attorney docket no. 25791.47. filed on 9/18/2000, the 

disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b. in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10. fluidic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710. 720 and 745 to a 
tocatkxi above the apparatus 700. In this nianner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a piefened embodiment. 
thp a p paratus 700 is initi a lly prvsitinnPri miithin th«. woiitwo i o sur h th ;»* »'TfvpArtinn 
of the tubular member 755 overtaps with the preexisting casing 15. In ttiis manner, the 
upper portion of the expandable tubular member 755 may be radially expanded Into 
contact with and coupled to ttie preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansfon. ttie 
amount of anal shrinkage during radial expansion, and ttie material properties of ttie 
expandable tubular member. 
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As illustrated in Fig. 7c. a fiuldic material 770 may then be injected through the 
apparatus 700 through the passages 710. 720. and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d. a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710. 720 and 745 into the 
annulus between the apparatus and the wellt>ore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fomied around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g. the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
tubular member 755 to be plastically deformed and radially expanded off of the 
expansfon cone 71 5. The resulting structure includes a lip 790. 

After completing the plastic defomnation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby fonn 
an annular body 795 that provides a bamer to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h. the shoe 740 may then removed by driUing out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to pemiit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
755. 

Refenring to Fig, 71. an additional tubular nriember 800 may then be plastically 
defonned arid radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a monoKJiameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800. an annular body 805 of a fluidic sealing material may be fornied around the - 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a prefenred embodiment the Up 790 facilitates the 
coupling of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

Refemng to Fig. 8a. in an aHemative embodiment, a wellbore 10 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided usingany number of conventional methods, the 
methods described above, and/or using one or more of the methods disdosed in the 
following: (1 ) U.S. patent application serial no. 09/454,139, attorney dodtet no. 
25791.03.02. filed on 120/1999. (2) U.S. patent application serial no. 09/510.913. 
attorney dod(et no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
1 5 application serial no, 09/440.338. attorney docket no. 25791 .9.02. filed on 1 1 /1 5/1 999. 
(5) U.S. patent application serial no. 09/523,460* attomey docket no. 25791.11.02. filed 
on 3/10«000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
257&1.12.02. filed on 2C4/2000. (7) U.S. patent application serial no. 09/511.941. 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
20 no. 09/588.946. attomey docket no. 25791 . 1 7.02, filed on 6/7/2000. (9) U.S. patent 
application serial ho. 09/559,122. attomey docket no. 25791.23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671, attomey docket no. 25791.57, filed on 11/1/1999. (12) U.S. proviskjnal 
25 patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082, attomey 
4ocket4>n 75 791 , 3 4. fil ed on 10/12/19 99 . {^ A ) U.S. prov i s i onal potent appli cati o n se rial 



no. 60/159.039. attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attomey dodtet no. 25791.37, filed 

30 on 10/12/1999. (16) U.S. pro\flsional patent application serial no. . 

attomey docket no. 25791 .38. filed on 6/19«000. (1 7) U.S. prowsional patent 
application serial no. 60/165,228. attomey docket no. 25791.39. filed on 11/12/1999, 

(18) U.S. provisional patent applkatfon serial no. , attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent applicalton serial no. 
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. attorney docket no. 25791.46, filed on 7/28/2000. and (20) U S 

provisional patent appfication serial no. , attorney docket no: 25791 47 

filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 

Referring to Rg. 8b. an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellboie 10 that includes a tubular support member 1005 
that defines a passage 1010 for com«ying fluidic materials. A hydraulic locking device 
1015 that defines a passage 1020 forcorweying fluidic materials that is flukJidy 
coupled to the passage 1010. The kKking device 1015 further includes inlet passages. 
1020a and 1020b. actuating chambers. 1025a and 1025b. and locking membeis. 
1030a and 1030b. During operation, the injection of fluidic materials into the actuating 
chambers, 1025a and 1025b. causes the tocking members. 1030a and 1030b. to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 
skill in the art. the operating pressures and physical shape of the inlet passages 1020. 
actuating chambers 1025. and kxking members 1030 will determine the maximum 
amount of holding force piovkied by the locking device 1015. In several alternative 
embodiments, fluidic materials may be injected into the tocking device 1015 using a 
dedicated fluid passage in order to provWe precise control of the locking device. In 
several alternative embodiments, the tocking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1 035 that defines a passage 1 040 is 
coupled to the tocking devtee 1015. The passage. 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
outer conttal sui^ 1055 is coupled to another end of the tubular suptiort member 
1035. An expansion cone launcher 1060 Is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intermediate portion 1060b that mates 
with the expansion cone 1045. and a lower portion 1060c having a lower outeide 
30 dianrwter. The lower outskle diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
bek)w the expansran cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
. Ijetween the apparatus 1000 and the wellbore 10, 

Ah expandable tubular niember 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 searing members are coupled to the exterior of the upper portion of the expandable 
tul}ular member 1080. In sevenal alternative embodiments, the sealing members may 
Include elastomeric elements and/or metallic elements and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing memt)efs. 
10 An expansion cone 1 085 defining a passage 1 090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
Is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1005 and 1 035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular niember 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney docket 
no. 2579103.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913, 

20 attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791.1 1.02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no. 

25 25791.12.02, filed on 2/24/2000. (7) ftS, patent application serial no, 09/61 1.941. 
attorney docket no. 25791.16,02, filed on 2/24/2000. (8) U.S. patent application serial 

no , 09/588,946« a ttorn e y dock e t no . 25791.17.02. filed on 6/7/2000, (9) U.S. pat e nt 

application serial no. 09/559.1 22. attomey docket no. 25791 .23.02, filed on 4/26/2000, 
(10> PCT patent application serial no. PCT/USOO/18635, attomey docket no. 

30 25791 .25.02. filed on 7/9/2000. (1 1) U.S. provisional patent application serial no. 
. 60/162.671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent applicatfon serial no. 60/154,047. attomey docket no. 25791 .29, filed ori 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attomey 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
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no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. ' ^ 

attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
5 applicatkm serial no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provlsfonal patent application serial no. attorney docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provislpnal patent application serial no. 

, attorney docket na 25791 .46. filed on 7/28/2000, arid (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47. 

10 filed on 9/18/2000. the disclosures of which are Incorporated herein by reference. 
As illustrated in Fig. 8b. in a prefen-ed embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 wittiin the welibore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above ttie apparatus 1000. In this manner, surge pressures during 

15 placement of the apparatus 1000 within the wellbpre 10 are reduced. In a preferred 
embodiment, the.apparatus 1000 is initially positioned wittiin the wellbore 10 such that 
the top portion of the Uibular member 1080 overtaps witti tfie recess 910 of ttie 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
n)ember 1080 may be radially expand^ into contact witti and coupled to the recess 

20 910of the preexisting casing 900. 

/Vs illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010. 1020, 1040. and 1070 In order to test the 
proper operatton of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1120 may ttien be 

25 injected ttirough ttie apparatus 1000 ttirough the pa^ges 1010, 1020, 1040, and 
1070 into the annulus between ttie apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of ttie wellbore 10 may be fomied around 
ttie radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may indude, for example, a cement 

30 mixture. In seveiral alternative embodiments, ttie injection of the hardenable fluidic 
sealing material 1 120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e. a non-hardenable fluidic material 1 1 25 may then be 
injected into the apparatus 1000 through the passage 1010, 1020 and 1040. A ball 
plug 1 1 30. or other similar device, may then be Injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 
5 pressurized by the continued injecUon of the fluidic material 1125 into th^ 

1000. Furthemiore, in this nriariner, the actuating chambers, 1025a and 1025b. of the 
locklrig device 1 01 5 may be pressurized. In this manner, the tubular member 1080 
may be held In a substantially stationary position by the locking device 1015, 

As illustrated in Fig. af. the expansion cone 1085 may then be actuated in the 

10 downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defomi and radially expand the upper portion of 
the expandable tubular member 1 080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

15 preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1 01 5 preferably prevents axial displacement of the tubular member 1080. In a 
prefen^ed embodiment, the locking member 1 01 5 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intermediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1045 prevents the axial displacement of the tubular member 1080 
during the radial expansion of the upper portion of the tubular member. 

25 As illustrated in Fig. 8g, the expansion cone 1 085 and 1 100 may then be raised - 

out of the weilbore 10. 

As i llu s tr a t e d in F i g. 8h, th e continu e d inj e ction of the f luid ic mat e rial 1125 into ^ 

the apparatus 1 000 may then cause the expansion cone launcher 1 060 and the 
expandable tubular member 1080 to be plastically defonned and radially expanded off 

30 of the expansion cone 1045. In this manner, the expansion cone 1045 is displaced 
relative to the expansion cone launcher 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the k)cking 
device 1015. As will be recognized by persons having ordinary skill in the art. the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080, In an alternative 
embodiment, the operaUng pressures of the actuating chambers, 1025a and 1025b, 
5 and the region 1 075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig, 8i, after completing the plastic deformation and radial 
expansion of the tubi^ar nnember 1080. the hardenable fiuidic sealing material is 
allowed to cure to thereby fonm an annular body 11 30 that jprovides a banier to fluid 
10 flow Into or put of the wellbore 10. The shoe 1065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to pemnit additional expandable tubular members to be coupled 
to the bottom portion of the plastically defomied and radially expanded tubular member 
1080, 

15 In an alternative embodiment, the annular body 1 1 30 may be omitted. In 

several alternative embodiments, the annular body 1130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j. the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Referring to Fig. 9a,.a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings. 1205 and 1210. may further include 
outer annular layers of fiuidic sealing materials such as. for example, cement The 
ends of the casings, 1205 and 1210, are separated by a gap 1215. 

25 Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings. 1205 and 1210, to thereby bridge the gap 1215. In a 
prefen-ed embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings. 1205 and 1210, by plastically defomiing and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Refening to Rg. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be arv number of conventional radial expansion devices such as. for example 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion ' 
devices, and/or expandable hydraulic bladders. 

Referring to Rgs. 9d and 9e. after actuation and subsequent de^ctuation and 
removal of th^ radfel expansion device 1225. the inside diameters of the casings 1205 

and 1210.aresubstantlailyequaltolheinsidediameterof the tubular member 1220 " 
In this manner, a mono^iameter wellbore casing may be fomied. 

- Refemng to Fig. 10. a wellbore 1300 includes an outer tubular member 1 305 
and an inner tubular member 1310. In a preferred embodiment, the tubular members 
1305 and 1310. are plastically defomied and radiaHy expanded using one or more of 
the methods and apparatus desoibed and referenced above. In this manner a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
. members. 1 305 and 1 3 1 o. . 

Refemng to Rg. i la. a wellbore 1400 includes a casing 1405 that is coupled to 
a preexisUng casing 1410. In a preferred embodiment, one or mor^ sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodirtient. the tubular member 1405 is 
plastically defomred and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo, the wail thickness of the tubular member 1405 prior to the 
radial expansion process is t„. the outside diameter of the tubular member following the 
radial expansion process is OD,. and the waH thickness of the tubular member 
folloviring the radial expansion process is t,. 

Ref P mng t o Rg i lh . r > tubular m o iu bui H ? n m i y th n n be c oup lud l o U ic luwa 



portion of the tubular member 1405 by plastically defomiing and radially expanding the 
tubular member 1420 using convenUonal methods and/or one or more of the methods 
and apparatus described and referenced above. In a preferred embodiment, the 
exterior surface of the upper portion of the tubular member 1420 includes one or more 
searing members for sealing the interface between the tubular member 1420 and the 
tubular merr*er 1405. 
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Referring to Fig. 11c. lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono^iameter wellbore - 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405aner the additional radial expansion process are OD^ and 

■ The radial expansion process of Figs. 1 1b-llc can then be repeated to provide 
a mono-diameter wellbore casing of virtually unfimited length. 

^ In several altemative embodiments, the ordering of the radial expar^ions of the 
tubular members. 1405 and 1420. may be changed. For example, the first tubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD^ and the remaining portion having the outside 
diameter OD,. The tubular member 1420 may then be plastically defonned and 
radially expanded one or more times until the inside diameters of the tubular members. 
1405 and 1420. are substantially equal. The plastic defomiations and radial 
expansions of the tubular members. 1405 and 1420. may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E=(OD^-OD„)/OD„ ^X) 
where OPo = ordinal outside diameten 

OD, = outside diameter after 1* radial expansion; and 
ODz = outside diameter after 2^ radial expansion. 
Furthenmore. in an exemplary embodiment, where: (1 ) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
first radial expansion is equal to d. the outside diameters. OD, and ODj. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 
OZ), = ODo + 2J+2/, (2) 
0£)2 = OD, + 2/?+2/2 (3) 
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where ODo = the original outside diameterofthe tubular iriember 1405; 

OD, = the outside diameter of the tubular inemt)er 1405 

following the first radial expanston; 
OD2 = the outside diameter of the tubular member 1405 

following the second radial expansion; 
d = the radial spadng between the tubular member 

1405 and the wellbore prior to the firet radial 
expansion; 

t, = the wan thickness of the tubular member 1405 
after the first radial expianskm; 

U = the wall thickness of the tubular member 1405 
after the second radial expansron; and 

R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
FurtherTTKHB. in an exemplary embodiment, for d approximately equal to 0 25 
. -nches and R approximately equal to 0.1 Inches, equatton (1 ) can be approximated as: 

E = (0.n3Jt,)lOD, (4) 

= the original wall thtekness of the tubular member 
1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 shouW be less than or equal to 0.3 m order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratfo of 
the Original outsWe diameter to the original wall thfckness (ODA) may be expressed 



Thus, in a preferred embodiment, for 0D„ less than 10 inches, the optimal ratio 
of the original outsWe diameter to the original wall thickness (OtVto) may be expressed 



ODJt,^\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relatKjnship in equation (6) is satisfied. Furthennore. the relationships expressed in 
equaUons (1 ) through (6) are valid regardless of the orter or type of the radial 
expansions of the tubular member 1405. More generally, the relationships expressed 
.n equations (1) through (6) may be applied to the radial expansion of structures having 
a WKie range of profiles such as. for example, triangular, rectangular, and oval 

An apparatus for plastically defom*,g and radially expanding a tubular member 
has been described that includes means for plastically defbmUng and radially 
expanding a first portion of the tubular member to a fi«t outside diameter, and means 
for plastically defomiing and radially expanding a second portion of the tubular member 
toa second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter Is removable. In a prefened embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a prefened embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member, in a prefened embodiment the means for plastically defomiing 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically defomiing 
and radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically defomiing and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage; an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid parage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 



44 



end of the expansion cone launcher. In a preferred embodiment, the conical sleeve i$ 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embpdimerit. the conical sleeve includes a plurality of arcuate elements. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes plastically defqrming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter Is greater than the second diameter, lha 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a 
prefenred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elemente. In a prefeired embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using an inflatable bladder. 
In a preferred embodiment, plasticaily defonning and radially expanding the portion of 
the tubular member includes applying a radial force to ttie portion of the tubular' 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter. plasticaUy defomiing and 
ladiaily expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular mevrber inside the first tubular member in 
overlapping relatton to the first portion of the first tubular member, plastically defomiing 
and radially e)q}andihg the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
f Tut s id e d i a m ptp r Th p in « ?id p r li n m ptprr nf th i^ ^t anrt c f.r nnH t- h^ ^r nwm hcnr aft o r 
the plastic defonmations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. In 
a prrferred embodiment, plastically defomiing and radially expanding the first portion of 
the first tubular nromber includes applying a radial torce to the portion of the tubular 
member using a conical sleeve. In a prefenwl embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a pliaality of arcuate elements. In a prefen-ed 
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embodiment, plastically deforming and radially expanding the first portion of the first 
tubular memt>er includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 

has also been described that indudes means for plasficafly defonning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defom«ng and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically defomiing and radially expanding the 
second tubular member to a third outside diameter. and,means for plastically defomiing 
and radially expanding the second tutwlar member to a fourth outside diameter The 
inside diameters of the first and second hibularmembers after the plastic defomiations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred . 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portionofthetubularmemberusmgaconicalsleeve. In a preferred embodiment the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a preferred embodiment the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically defomiing and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an infiatable bladder. In a preferred 

embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

An apparatus for fonning a weHbore casing within a wellboie has also been 
described that includes means for supporting a tubular member within the wellbore. 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the secorxl outside 
diameter. In a prefen-ed embodiment, the means for plastically defom«r,g and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically defomiing and 
rad«lly expanding the first portion of the tubular member to the first outside diameter is 
frangible. In a prefeired embodiment, the means for plastically defomiing and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic 
Ir. a prefened embodiment, the means for plastically defom.mg and radially expanding 
the first portion of the tubular member to the first outside diameter Includes means for 
applying a radial force to the first portion of the tubuiar.member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is Inflatable. In a praferred 
embodiment, the means for plasUcally defomiing and radially expanding the first 
portion of the tubular^nember to the first outside diameter includes rolling means for 
applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus ftjrther includes means forfomiing an annular body of a 
fluidlc sealing material within an annulus between the tubular member and the 
weilbore. 

An apparatus for fomiing a wellbore casing wHhin a wellbore has also been 
described that includes a tubular support member including a first fluid passage an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluWidy coupled to the first fluid passage and an outer conical surface, a removable 
annular confcal sleeve coupled to the outer conical surface of the expansion cone an 
annular expansion cone launchercoupled to the conical sleeve and a lower portion of 
the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible 

In n p r o f o rrcd cmbo d h nun t. tho con i cal J uc .e h cl.. Uc. I n u p ide i.eU embod iir H^ t 

the conical sleeve includes a plurality of arcuate elements. 

A method of fonning a wellbore casing within a wellbore has also been 
described that Includes supporting a tubular member within a wellbore. plastically 
defomiing and radially expanding a portion of the tubular member to a first outside 
diameter, and plasUcally defom,ing and radially expanding another portion of ttie 
tubular member to a second outside diameter. In a prefen^ embodiment, the first 
diameter Is greater than the second diameter. In a preferred embodiment, plastically 



47 



10 



15 



20 



25 



30 



Sleeve « elasba In a pcefened embodiment, the conical sleeve includes a plurality of 
arcuate elements. a preferred embodimen.. ptastically defom^ng and rad^lly 
expand.,^ the portion of the tubuter member includes applying a radial force to the 

P^stcallyde orming and ,3d««y expanding the po^ 

a^nga.d«,forcetotheportonof.hetubu^.^^.^3„^^3^^/ 

^"or I'TT ^^^^ - --^"'ar 

. body of a hardenaWe fluidic sealing material into an annulus between the tubular 

m«T,ber and the wellbore. Ina preferred embodiment, the method further includes 
curing the annular body of hardenable fluldic sealing material. 

A method of fomrHng a mono^iameter wellbore casing within a wellbore has 
also been descnbed that includes supporting a first tubular member within the wellbore 
Plast^caliy defonning and rad^ly expanding a first portion 0^ 

IT T!^' """"'^ ^"^ ^^'^ another porflon of 

the fi^t tubular member to a second outside diameter, positioning the second tubular 
member .Side the first tubular member in overlapping rete«on to the first portion of the 
first tubular member, plastically defomiing and radially expanding the second tubular 
member to a third outside diameter, and plastically defom^ing and radially expanding 
Uiesecc^dtubularmembertoafourthoutsidediamet^ The inside diameters of the 
first and second tybular members after the plastic defomiations and radial expansions 
are substantially equal. a prefenBd embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
and .^dtally expanding the first porton of the fi^t tubular member Includes applying a 
rad^^orce to the portion of the tubular member using a conical sleeve. In a Xed" 
«r,bod.ment. the conical sleeve is frangible. In a preferred embodiment, the conical 
Sleeve « elastic In a prefened embodiment, the conical sleeve includes a plurality of 
arcuate elements. In a prBfened.embodiment.plasfically defomiing and radially 
expanding the first portion of the first tubular member includes appl^ng a radial force to 
the first portion of the first tubular member using an Inflatebte bladder. In a prefened 

embodiment.ptastical.ydefom,ingandradia,iyexpandingthefirstportlonoftheflrst 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic seaGng material into 
an annulus between the first tubular member and the wellbore. in a prefened 
embodiment, the method further includes curing the annular body of hardenable fluidic 
sealing material. In a preferred embodiment, the method further includes injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the vvellbore. In a prefened embodiment, the method 
further includes curing the annular body of hantenabie fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
hasalso been described that includes means for plastically defonnfng and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defomiing and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overtapping relation to the fir^t portion of the 
first tubular member, means for plastically defomiing and radially expanding the 
second tubular member to a third outside diameter, arid means for plastically defonning 
and radially expanding the second tubular member to a fourth outside diameter. The 
Inside diameters of the first and second tubular members after the plastic defbmiations 
and radial expansions are substantially equal In a prefened embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is fiangible. In a preferred embodiment, the conical sleeve is elastic. In 
a preferred embodiment, the contoal sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically defonnihg and radially expanding the 
first portion nf the first t ii hi ii ar member includes moans for opplyi n g a radia l fo r ce to Uw 
first portion of the first tubular member using an inflatable bladder. In a prefened 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fliridic seating material into an annulus between the first tubular member 
and the wellbore. In a prefened embodirtient. the apparatus further includes means for 
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cunngtheannularbodyofhardenablefluidfcsealingmateriaL Inapreferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
haalenable fluidic sealing material into an annulus between the second tubular 
•"«'^^^'^«« wellbo,e. in a preferred embodiment, the apparatus fur^^ 
5 '"eansforcuringtheannularbodyofhaRlenabiefluldicsealingmaterial 
'^«P»«««^'orplasflcallydeformlngandradiaIlyexpandin^ 
has abo been desolbed that Includes means for providing a lipped portion ih a portion 

of the tubular member.and means forplastlcallyclefom,ing-and,Bd^ 
another portion of the tubular member. . ' 

10 /"/PP^'^t^forpIasticalVdefomiingandradiallyexpandlngatubularm^^^ 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 

fluidpassagefluididycoupledtothefirstfluidpassageandanouterconicalsurface an 
annular expansion cone launcher Including: a first annular portion coupled to a lower 
15. portion of the tubular member, a second annular portion coupled to the first annular 
portKX, that mates vAm the outer conical surface of the expansion cone, a third annular 

portK)n coupled to the second annularportlbnhavlng afirst outside dimeter, anda 
fourth annular portion coupled to the third annularportion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter 

20 an<lashoehavingavalveablepassage.coupledtofourthannularportfonofthe ' 
expansion cone launcher. 

A method Of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 

. •^^'"'^r.andplasficallydefom.ngand.Bdiallyexpandmganother^ 
member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a fipped portionin a portion of the first 
tubular member. plasti<^„y defom,ing and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 .n overtapping relation to the lipped portion of the first tubular member, and plastically 
defom»ng and rad«Ily expanding the second tubular member. The insWe diameters of 
the first and second tubular members after the plastic defomiations and radial 
expansions are substantially equal. 
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An apparatus for coupTing a first tubular member to a second tubular member 
has also been described that includes means for providing a lipped portion In the first 
tubular member, means for plastically defomiing and radially expanding another portion 
of the first tubular number, means for positioning the second tubular member Inside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically defomiing and radially expanding the second 
tubular member. The inside diameters of the fir^ and second tubular members after 
the plastjG defonriations and radial expansions are substantially equal. 

An apparatus for fomiing a weflbore casing within a weHboie has also been 
descn-bed that Includes means for supporting a tubular member within the wellbore. 
means for providing a lipped portion in the tubular member, and means for plasHcaHy 
defomiing and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has "also been 
described that Includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fkiidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
males with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outeide diameter Is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

A method of fonning a wellbore casing In a wellbore has also been described 
that i nnliidft s si i ppnrtin o a tubu la r memb e r within the w ollborc. pro vi din g a Hpp eU 



portion in a portion of the tubular member, and plastically defomilrtg and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable flukJic sealing material in an annulus 
between the tubular member and the wellbore. In a preferred embodiment, the method 
further Includes curing the fluidic sealing mat^l. 

A method of fonning a mono^iameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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prov,d.ng a lipped portion in a portion of the first tubular n«mber. plastically deforming 
aod radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overtappir^ relation to the 
IVPed portion of the first tubular member, and plastically defomiing and radially 
expanding the second tubular member. The Inside diameters of the first and second 
tubular members after the plastic defonnatlons and radial expansions are substantially 
equal In a preferred embodiment, the method further Includes injecting a h^enable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the method further includes curing the fluidic 
sealing material. In a preferred embodiment, the method further Includes Ir^ectlng a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic seafing material. 

An apparatus for forming a mono^iameter wellbore casing within a wellbore 
has also been described that includes means for proving a lipped portion in the first 
tubular member, means for plastically defomUng and radially expanding another portion 
Of the first tubular member, means for positioning the second tubular member InsWe 
the first tubular member in overiapping relation to the lipped portion of the first tubular 
member, and means for plastically defomiing and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plasticdefomiatlons and radial expansions are substantially equal. In a preferred 

embodiment, the apparatus further includes rf«ans for injecting a hartenable fluidic 
sealing material In an arinulus between the first tubular member and the wellbore In a 
preferred embodiment, the apparatus further Includes means for curing the fluidic 
sealing material. In a preferred embodiment, the apparatus further includes means for 
iniecting a hardenable fluidic sealing material in an annulus betweeii the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically defomiing and radially expanding a tubular member 
has also been described that includes means for plastically defom,ing and radially 
expanding a fust end of the tubular member, and means for plastically deforming and 
rad«lly expanding a second end of the tubular member. In a preferred embodiment 
the apparatus further includes means for anchoring the tubuter member during the 
radial expansion. 
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'^^PP^^^t^sforplasticalfydeformlngandradiallyexpandingptubula^ 
has also been described that indudes a tubular support member IndudJng a fir^t 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
.n opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically defom. and 
radially expand a second end of the expandable tubular member. In a preferred 

embodiment, the apparatus.further Includes an anchoring member coupled to the ■ 
tubular support member adapted to hold the expandable tubular. 

A method of plastically defomung arid ,adia|ly expanding a tobular member has 
also been described that includes plastically defomiing and radial^, expanding a first 
end of the tubular member, and plastically defomiing and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 
anchonng the tubular member during the radial expansion. In a preferred embodiment 
the first end of the tubular member is plastically defom,ed and radially expanded before 
the second end. In a preferred embodiment, plastically defomiing and radially 
expanding the second end of the tubular member includes injecting a fluidic material 
into the tubular member. 

A method of coupling a first tubularmember to a second tubular member has 
also been described that includes positioning the second tubular member inside the 

fir^t tubul a r m o mb c r i n an o voiU p p in y lol d t i onahip. pla^ U td l l y de f uni iiny d i iU laJ idll y 

expanding the end of the second tobular member that overiaps with the first tubular 
membeC. and plastically defomiing and radially expanding the remaining portion of the 
secondtubularmember. In a prefeired embodiment, the method further includes 
plastically defomting and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular meml>er to a second tubular member 
has also been described that Includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically defpnning and radially expanding the end i3f the second tubular member that 
overlaps with the first tubular member, and means for plastically deforming and radially 
expanding the renwlnlngportfon of the second tubular me^ Inapreferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a prefened 
embodiment the inside diameters of the first and second tubular members are 
substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a welibore has also been ' 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
nrember. and means for plasticaUy defomning and radially expanding a second end of 
the tubular riiember. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a preferred 
embodiment the apparatus further includes means for ir^ecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for fonning a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion corie 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically defonn and radially expand a first end of the expandable tubular 
member and the 6ther annular expansion cone is adapted to plastically defomi and 
radially expand a second end of the expandable tubular member. In a preferred 
embodinrtent, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 
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A method of forming a weltbNare casing within a wePbore has also been 
described that includes plastically defbnning and ladiaUy expanding a first end of the 
tubular member, and plastically defomiing and radially expanding a second end of the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically defbmied and radially expanded before the second 
end. In a preferred embodiment, plastically defomiing and radially expanding the 
second end of the tubular member Includes itijecting a (iuidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic seaRng material into an annulus between the tubular member and 
thewellbore. 

A method of fonning a wellbore casing within a weiibore has also been 
described that includes plastically defomiing and radially expanding a first tubular 
member within the wellbore. positioning a second tubular member inside the first 
tubular member in an overiapping relationship, plastically deforming and radially 
expanding the end of the second hjbular member that overiaps with the first tubular 
member, plastically deforming and radially expanding tire remaining portion of ttie 
second tubular merriber. In a preferred embodiment, the method further includes 
plastically defomiing and ladiaBy expanding at leastaportion of the second tubular 
20 member, in a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method furtiier includes injecting a hardenable fluidic seafing material 
into an annulus between the first tubular member and ttie wellbore. In a preferred 
embodiment, the method further includes injecting a haidenable fluidic sealing material 
25 Into an annukis-between the second taJbular member and the wellbore. 

An apparatus for fomiing a wellbore casing wittUn a wellbore has also beeii 
do o cribod that Inc l ud e a m e a ns for p ldi,UL al!y del bni i iiiy diid i d didl l y eA p dnU i iiy a first 
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tubular member wittiin the wellbore. means for positioning the second tubular member 
inside ttie first tubular member in an overiapping relationship, means for plastically 
defomiing and radially expanding ttie end of ttie second tubular member ttiat overiaps 
with ttie first tubular member, means for plastically defomiing and radially expanding 
the remaining portion of ttie second hjbular member. In a preferred embodiment, the 
apparatus furttier includes means for plastically defomiing and radially expanding at 
least a portion of ttie second tubular member. In a prefeaed embodiment, ttie inside 
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diameters of the first arKl second tubular membeis are sul^tantlaily eq^ 
rad-al expansior«. In a preferred embodiment, the apparatus further Includes means 
for .njecbng a hardenable fluldic sealing rhaterial Into an annulus between the first 
tububr member and the wellbore. In a preferred embodiment, the apparatus further 
mdudes means for injecting a hardenable fluidic sealing material Into an annulus 
bet««en the setofKl tubular member and the wellbore. 

'^^PP^ra'^forbridglnganaxlalgapbetweenopposingpairsofwelibore 
c^-ng Within a wellbore has also been described that Includes means for supporting a 
tubular member In overlapping relation to the opposing ends of the wellbore casings 
means for plastical^ defonning and radially expanding the tubular member, and means 
for plastical V defomiing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
w«^n a wellbore has also been descnbed that includes supporting a tubular member in 
pverlapp,ng relation to the opposing ends of the wellbore casings, plastically defom,ing 
and radially ejflwnding the tubular niember. and 

plastically defomiing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. . 

A method of fomiing a structure having desired strength characteristics has also 
been described that includes pa^viding a first tubular member, and plastically defom,1ng 
arKl radially expanding additional tubuter members onto the Interior surface of the first 
tubular member untfl the desired strength characteristics are achieved 

A method of fomiing a wellbore casing within a wellbore having desired strength 
Characteristics has also been described that Includes plastically defom«ng and radiaify 
expand.ng a first tubular member within the wellbore. and plastleally defom,ing and 

radiaOy expanding additional tubular members onto the interior surfece of the finrt 
tubular member until the desired strength characteristics are achieved 

Amethodofcouplingafirsttubularmemberto^secondtubularmember the 
first tubular member having an original outside diameter ODo and an original wall 
»«ckness to. has also been described ttiat includes plastically defomvng and radially 

expanding a first portion of the first tubular member to a first outside diameter 
Plastically defomiing and radially expanding another portion of ttie first tubula; member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member in overtapping relation to the first portion of the first tubular member 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radiafly expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic defom«tions and radial expansions are 
substantially equal, and 

wherein the ratio of the original outside diameter OD. of the first tubular member to the 
original wall thidmess f» of the first tubular member is greater than or equal to 1 6. 

A method of fom^ing a mono^riameter wellbore casing has also been described 
that includes positioning a first tubular member within a weHbore. the first tubular 
member havinig an original outside diameter ODo and an original way thickness to 
plastically deforming and radially expanding a first portion of the first tubular mfem'ber to 
a first outside diameter, plastically defomiing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member Inside the first tubular member in overiapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defomiatlons and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 
the firet tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically defomied and 
radially expanded tubular member having a first portion havinga first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 
original outside diameter ODoof the firet tubular member to the original waD thfekness to 
of the first tubular member is greater than or equal to 16. 

^ opporatus has a l s o b e en U esu ibcd Uial iiiUu d es a y la j>lit d Uy Uefuiiiied and 
radially expanded first tubular member having a first portion having a firet outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
defomied and radially expanded second tubular member coupled to the first portion of. 
the first tubular member. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a preferred embodinrient. the inskle diameters of the first and 
second tubular members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described ttial includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
5 cbuplled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member Is greater than or equal to 16. in a preferred embodiment, the inside 
dianrteters of the first and second tubular members are substantially equal. 

An apparatus has also been descril}ed that includes a plastically deformed and 
10 radially expanded tubular member. In a preferred embodiment the ratio of the original 
outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to forni or repair wellbore casings, pipelines, and 
15 structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention. IWs description contemplates a.wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a con-esponding use of the other features. 
20 Accordingly, it is appropriate that readers should constnje the appended claims 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1. 



An apparatus for plastically defonnlng and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member, and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 



2. AmethodofplasticallydefomUngandradiallyexpandingatubularmember. 
comprising: 

providing a lipped portion In a portion of.the tubular member; and 
plastically defomiing and radially expanding another portion of the tubular 
member. 

3. A method of coupling a fust tubular member to a second tubular member, 
comprising: 

providing a lipped portion In a portion of (he first tubular memben 

plastically defonnlng and radially expanding another portion of the first tubular 

member; 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the lipped portion of the firet tubular memben and 

plastically defomiing and radially expanding the second tubular member, 
wherein the Inside diameters of the first and second tubular members after the 
plasUc deformations and radial expansions are substantially equal. 

4. An apparatus for coupling a first tubular member to a second tubular member. 

comprising: 

means fnr prnyid i np a li p ped porti o n in th o first tubu l ar member. 



means for plastically defonning and radially expanding another pdrtion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member 
in overiapping relation to (he lipped portion of the first tubular member, and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 



59 



equal. 



10 



plastic deformations and radial expansions are .substantially 

5. An apparatus for forming a weflbore casing within a wellbore. comprising- 
means for supporting a tubular member within the wellbore- 
means for providing a lipped portion in the tubular m^^ 
means forplaslicallydefom^ing and radially expanding another portion of the 

tubular member to a second outside diameter. 

6. A method of fom^ing a wellbore casing in a wellbore. comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubu'lar member; and 

J>lastically defom,ing and radially expanding another portton of the tubular 
' member. 

15 7. The method of dalm 6, further comprising: 

injecHng a hardenable fluidic sealing material In an annulus between the tubular 
member and the wellbofe. 

8. The method of daim 7, further comprising: 
20 curing the fluidic sealing material. 

9. A method «jf fomiing a mono^iameter wellbore casing within a wellbore 
comprising: 

supporting a first tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubu'lar memben 

Plas«<^lly defomiing and radially expanding another portion of tf« first tubular 

member, 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the lipped portion of the first tubular memben and 

plastically defomtfng arid radially expanding the second tubular member 
wherein the Inside diarneters of the first and second tubular members afier the 
plastic defonnations and radial expansions are substantially equal. 
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10. 



The method of daim 9. farther comprising: 
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injecting a hardenabie fluidic sealing nUiterial in an annulus between the first 
tubular member and the weHbore. 



11. Themethodofdaimg.furttieroomprishg: 
5 curing the fluidic seafing material. 

12. The method of dalm 9. further comprising: 

irilecllng a hardenabie fluidic sealing material in an annulus between the second 
tubularmember and the welfcore. 

10 

13. Themethodofclaim 12. further comprising: 
curing the fluidic sealing material. 

14. An apparatus forfomiing a mono^iameterwellbore casing within a wellborB. 
15 comprising: 

means for providing a lipped portion in the first tubular member; . 
means for plastically defomting and radially expanding another 'portion of the first 
tubular member 

means for positioning the second tubular member inside the first tubular member 
20 in overiapping relation to the lipped portion of the first tubular memben and 

means for plastically defomiing and radially expanding the second tubular 
member; 

wherein the inside diameters df the first and second tubular members after the 

plastic defonnations and radial expansions are substantially equal 
25 ~ . 

15. The apparatus of daim 14. further comprising: 

"^eans for injPrtino a harrienahl e fl u id ic se al i ng m a teri a l i n an arinuluG betwe e n 

the first tubular member and the welibore. 

30 16. The ajswratus of daim 15, further comprising: 
means for curing the fliAlic sealing material. 

1 7. The apparatus of dalm 14. further comprising: 

means for injeding a hardenabie fluidic sealing material in an annulus between 
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the second tubular member and the weilbore. 

18 The apparatus of claim 17, further comprising: 
means for curing the fluidic sealing material. 
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1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: - 

means for plastically deforming and radially expanding a first portlon.of the 

tubular member to a first outside diameter, and 
means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of daim 1 . wherein the first outside diameter is greater than the 
second outside diameter. 

3. The apparatus of daim 1. wherein the means for plastically defonrftig and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

4. The apparatus of daim 1 , wheirein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of claim 1 , wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of daim 1 . wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 

^ — The apparatus of da i m 1 . wherein the n rwans fnr p la s tically defomiing and 

radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

8. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes idling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus for plasUcally deforming and radially expanding a tubular member, 
cornprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 

expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of claim 9, wherein the conicd sleeve is frangible. 
11 The apparatus of daim 9. wherein the conical sleeve is elastic. 

12. The apparatus of daim 9. wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

13: A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a portion of the tabular member to 
25 a first outside dian^eter; and 

plastically deforming and radially expanding another portion of the tabular 

member to a second outside diameter. 

14. The method of claim 13. wherein the first diameter is greater than the second 
30 diameter. 

15. The method of daim 13. wherein plastically defonning and radially expanding the 
portion of the tabular member comprises: 
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applying a radial force to the portion of the tubular meml)er using a conical 
sleeve. 



16. The rnethod of dairn 15. vvherein the conical sleeve is frang^ 

17. The method of daim 16, wherein the conical sleeve is elastic. 

1 8. The method of daim 15, wherein the conical sfeeve comprises a plurality of 
arcuate elements. 



19. The method of daim 13. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20. The method of daim 13. wherein plastically deforming and radially expanding the 
portiori of the tubular rnember comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

21 . A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically defprmirig and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically defomrang and radially expanding another portion of the first tubular 
member to a sftfrmH m it<;iH*> Hianiotfir: 



positioning the second tubular member inside the first tubular member in 
overlapping-relation to the first portion of the first tubular memt>er; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and . 

plastically defonnlhg and radially expanding the second tubular member to a 
fourth outside diameter. 
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wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



22. The method ofdaim 21, wherein the first outside diameter Is greater 
5 second outside diameter. 

23. The method of daim 21, wherein plastlcany deforming and radially expanding the 
first portion of the ftfst tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

24. The method of daim 23. wherein the conical sleeve is frangible. 

25. The method of daim 23. wherein the conical sleeve is elastic. 

15 

26. The method of daim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21. wherein plastically defonning and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first poriion of the first tubular member using an 
inflatable bladder. 

28. The method of claim 21. wherein plastically defonning and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member. 
30 comprising: - 

means for plastically defonning and radially e)q)anding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameten 
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means for positioning the second tubular member Inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member; 

means for plastically defonning and radially expanding the second tubular 

member to a third outside diameter, and 
nneans for plastically defonming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the Inside diameters of the first and second tubular members after the 
plastic defomiations arid radial e)^ansfons are substantially equal. 

30. The apparatus of daim 29. wherein the first outside diameter Is greater than the 
second outside diameter. 

31 . The apparatus of claim 29. wherein the means for plastically deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
. conical sleeve. 

32. The apparatus of claim 31 . wherein the conical sleeve Is frangible. 

20 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic! 

34. The apparatus of claim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially exn a ndinn the fir s t pnr tinn of thfi firRt ti i h i d ar n i Am hpr romprises: — 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of claim 29. wherein the means for plastically defomiing and 
radially expanding the first portion of the first tubular member comprises: 

nneans for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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37. An apparatus for forming a wellbbre casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for plastically defomiing and radially expanding a first portion of the 
5 tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. The apparatus of dalm 37, wherein the first outside diameter Is greater than the 
10 second outside diameter. 

39. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 

. removable. 

40. The apparatus of daim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

20 41 , The apparatus of claim 37. wherein the means for plastically defomiing and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of claim 37. wherein the means for plastically defonning and 
25 radially expanding the first portion of the tubular member to the first outside diameter 

comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of daim 37, wherein the nleans for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter is 

.30 inflatable. 

44. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
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comprises rolljng means for applying radial pr^sure to the first portion of the tubular 
memljer. 



45. The apparatus of daim 37. further comprising: 
means for fonning an annular body of a fluldic sealing material within an 

annulus between the tubular member and the wellbore. 

46. An apparatus for fonning a wellbore casing within a wellbore. comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the fifst fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

15 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of claim 46. wherein the conical sleeve is elasfic. 

49. The apparatus of daim 46, wherein the oohical sleeve comprises a plurality of 
25 arcuate elements. 

'■ ^ — A methrv i nf fnmiinn a wpflhorp racing ..rithin p , w fHIhn rp . r^mpri^ing: 

isupporting a tubular member within a wellbore; 

plastically defonning and radially expanding a portion of the tubular member to 
30 a first outside diameter, and 

plastically defomriing and radially expanding another portion of the tubular 
member to a second outside diameter. 
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51 The method of daim 50. wherein the first diameter greater than the second 

diameter. 



52. 7^emethodbfclaim50.v^relnplasticallydefomtingandradia^^^ 
5 portion of the tubular memtier comprise: 

applying a radial force to the portion of the tulKilar meml)er usir,g a conical 
sleeve. 
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53. The method of daim 50. wherein the conical sle^ Is frangll>le. 

54. The method of daim 50. wherein the conical sleeve Is elastla 

55. The method of daim 50. wherein the conical sleeve comprises a plurality of 
arcuate elements. 
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56. Thernethodofdaim50.whereinplasticallydefomiingandradiallyexpandingt^^ 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20 

57. The method of daim 50. wherein plastically defomiing and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method of daim 50. further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

30 59. The method of daim 58. further comprising: 

curing ttte annular body of hardenable fluidic sealing material. 

60. A method of fonning a moho^Tiameter we«bor« casing within a wellbore. 

comprising: 
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supporting a first tubular member within the wellbore; 
plastlcally-defomDing and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plasticany defonning and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
plastically defomiing and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 
plastic defonnations and radial expansions are substantially equal; 

61 . The method of claim 60, wherein the first outside diameter is greater tfian the 
second outside diameter. 

62. The metfKxl of daim 60, wherein plastically deforming and radially expanding ttie 
first portiori of ttie first tubular member comprises: 

applying a radial force to tiie portion of the tubular member using a conical 
sleeve. 

63. The metfiod of daim 62, wherein ttie conical sleeve is frangible. 

25 64. The metfiod of daim 62. wherein the conical sleeve is elastic. 

— The method o f daim 6 2, wher ei n the conical sl e e v e compri se s - a plurality of 

arcuate elements. 

30 66. The method of daim 60, wherein plastically defonming and radially expanding ttie 
first portion of the first tubular member comprises: 

applying a radial force to ttie first portion of tiie first tubular memt>er using an 
inflatable bladder. 
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67. the method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

5 

68. The method of daim 60, further comprising: 

Injectlng an annular body of a hardenable fluidic sealing material Into an 
annulus between the first tubular menrA)er and the wellbore. 

10 69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70, The method of dalm 60, further comprising: 

injecting an annular body of a hardenable fluidicsealing material into an 
annulus between the second tubular member and the wellbore. 

71 . The method of daim 70, further comprising: 

curing the annular body of hardenable fluidic sealing nDaterial. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically defonning and radially expanding another portion of the 
25 first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the first portion of the first tubular 

member, 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic defomiattons and radial expansions are substantially equal. 
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73. theapparatus of daim 72. wherein the first outside diameter is greater than the 
second outside dianneter 

6 74. The apparatus of daim 72, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

10 75. The apparatus of daim 74, wherein the conical sleeve Is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of daim 74. wherein the conical sleeve cornprises a plurality of 
15 arcuate elements. 

78. The apparatus of diaim 72, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an inflatable bladder. 

79. The apparatus of claim 72. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

a£L The apparatus of daim 7P , fitrtti<>r comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. 
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81 . The apparatus of claim 80. further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of daim 72, further con^rising: 
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means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the weflbore. 

83. The apparatus of daim 82, further comprising: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
10 means for plastically defomiing and radially expanding another portion of the 

tubular member. 

85. An apparatus for plastically defomiing and radially expanding a tubular member, 
comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the finst fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
2^ a annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansbn cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameter; and 

25 a fourth annular portkw coupled to the third annular portion having g 

second outside diameter, 
wherein the second outside diameter is less than the first outside 
diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expanston cone launcher. 

86. A method of plastically deforming and radially expandirig a tubular meniber, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
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plastically deforming and radially expanding another portion of the tubular 
member. - 

87. A method of coupling a first tubular member to a second tubular member. 
5 comprisifKi: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
member: 

positioning the second tubular memtier Inside the first tubular member in 

overlapping relation to the Kpped portion of the first tubular member, and 
plastically defomiing and radially expanding the second tubular rtiemben 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

15 88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular nnember, 
means for plastically defonming and radially expanding another portion of the 
first tubular member; 

20 means for positioning the second lubular member inside the first tubular ' 

member in overlapping relation to the lipped portion of the first tubular 
member; and 

means for plastically deforming and radially expanding the second tubular 
member, 

25 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

89. An apparatus for fomiing a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
30 means for providing a lipped portion in the tubular memben and 

means for plastically defomiing and radially expanding another portion of ttie 
tubular member to a second outside diameter. 

90. An apparatus for forming a vyellbore casing within a wellbore. comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first anriular portion coupled to a lower portion of the tubular member 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter; and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter is less than the .first outside 
diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91 . A method of fonning a wellbore casing in a wellbore. comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically defomning and radially expanding another portion of the tubular 
member. 



92. The method pfdaim 91, further comprising: 

injecting a hardenabie fluldic sealing material In an annulus between the tubular 
member and the wellbore. 

93. The method of daim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising:. 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member;. 
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plastically deforming and radially expanding another portidn of the first tubular 
memben 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular memben and 
5 plastically deforming and radially expanding the second tubular member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of daim 94, further comprising: 

10 injecting a hardenable flwdic sealing material In an annulus between the first 

. tubular member and the wellborn. 

96. The method of daim 95. further comprising: 
curing the fluidic sealing material. 

15 

97. The method of daim 94, further comprising: 

injecting a hardenable fluidic sealinig material in an annulus between the second 
tubular member and the wellt>ore. 

20 98. The nnethod of daim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

25 means for providing a lipped portion in the first tubular memben 

means for plastically defonning and radially expanding another portion of the 
: — first tubular member: 



means for positioning the second tubular member Inside the first tubular 
- member in overlapping relation to the lipped portion of the first tubular 
30 ' member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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100. The apparatus of dalrh 99. further comprising: 

means for injecting a hardenabte Huidic sealing material in an annulus between 
the first tubular member and the wellbore. 

5 

101 . The apparatus of ciaim 100. further comprising: 
means for curing the fluldic sealing material. 

102. The apparatus of dalm 99, further comprising: 

10 means for injecting a hardenable fluidic sealing material In an annulus between 

the second tubular member and the wellbore. 

1 03. The apparatus of claim 102, further comprising: - 
nneans for curing the fluidic sealing material. 

15 

104. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding afirst end of the tubular 
member; and 

20 means for plastically deforming and radially expanding a second end of the 

tubular member. 

105. The apparatus of dalm 104, further coniprising: 

means for anchoring the tubular member during the radial expansion. 

25 

106. An apparatus for plastically defonning and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher mpvably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

vafveable fluid passage; and. 
arK)ther annular expansion cone movably coupled to the tubular support 

memt^er, 

5 wherein the annular expansion cones are positioned in opposite orientatfons. 

107. The apparatus of daim 106, wherein the annular expansion cone is adapted to 
plastically defomi and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plasticafly defonn and radially 

10 expand a second end of the expandable tubular member. 

108. The apparatus of daim 106. further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

1 09. A method of plastically deforming and radially expanding a tobular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member;- 
and 

20 plastically defomiing arid radially expanding a second end of the tubular 

member. 

110. The method of daim 1 09, further comprising: 
anchoring the tubular memt>er during the radial expansion. 

25- 

1 1 1 . The method of daim 1 09, wherein the first end of the tubular member is 
plastically deformed and radialhr expanded before the second end, ' 

112. The method of daim 109, plastically defomra'ng and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
mennber. 

1 13. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically deforming and radially expanding the end of the second tubular 

member that oveilaps with the first tubular memben 
plastically deforming and radially expanding the remaining portion of the second 
- tubular member. 

The method of dalm 1 13, further comprising: 

plastically deforming and radially expancfing at least a portion of the second 
tubular member. 

116, The method of dalm 1 14, wherein the inside diameters of the firet and second 
tubular members are substantially equal after the radial expansions. 

16 1 16. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically defomiing and radially expanding the end of tiie second 
20 tubular member that overlaps with the first tubular member. 

means for plastically deforming and radially expanding the remaining portion of 
the second tubular member. 

The apparatus of daim 116. further comprising: 

means for plastically defpnming and radially expanding at least a portion of the 
secorid tubular member. 

1 18. The apparatus of daim 1 1 7, wherein the inside diameters of the first and second 
tubular members are substantiially equal after the radial expansions. 

.30 

119. An apparatus for forming a wellbore casing witiiin a wellbore, comprising: 

means for supporting a tubular member vyttiiin the wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 
member; and 
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117. 

25 
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means for plastically deforming arid radially expanding a second end of the 
tubular member 

120. The apparatus of daim 119. further comprising: 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of daim 119, further comprising: 

means for injecting a hardenable fluldic seafing material Into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for forming a weilbore casing within a wellbore. comprislrtg: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having ^ 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member; 

wherein the annular expansion cones are positioned In opposite orientations. 

123. The apparatus of daim 122. wherein the annular expansion cone is adapted to 
plastically defpnn and radially expand a first end of the expandable tubular member 
and the Qther annular expansion con e is adaptnri to p i af ^tiraHy Hrfr^rm^nd raHi^ ny 
expand a second end of the expandable tubular member. 

124. The apparatus of daim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular 

125. A method of fomiing a wellbore casing within a wellbore. comprising: 
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plastically deforming and radially expanding a first end of the tubujar member; 

and 1 

plastically defomiing and radially expanding a second end of the tubular 
memben 

126. The method of daim 125, further comprising: 
anchoring the tubular member during the radial expansion. 

1 27. The method of daim 1 25, wherein the first end of the tubular member is 
1 0 plastically deformed and radially expanded before the second end. 

128. The method of daim 125, plastically defomiing and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

15 

129. The method ofdalm 125, further comprising: 

injecting a hardenable fluidic sealing material Into an annulus between the 
tubular member and the wellbore. 

20 130. A method of fomiing a wellbore casing within a wellbore. comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellt)ore; 

positioning a second tubular member inside the first tubular member in an 

overiiapptng relationship; 
25 plastically defomiing and radially expanding the end of the second tubular 

member that overtaps witii the first tubular member; 
plastically deforming and radially expanding the remaining portion of the second 

tubular memt)er. 

30 131. The metiiod of daim 1 30, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132, The method of daim 131. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 



5 1 33. The method of daim 1 30, further comprising: 

injectrrig a hardenable fiuidic sealing material into an annulus between the first 
tubular member and the wellbore. 

134. The method of daim 130, further comprising: 

10 Injecting a hardenable fiuidic sealing material into an annulus between the 

second tubular member and the wellbore. 

135, An apparatus for fonrning a wellbore casing within a wellbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 
15 within the weHbore; 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 
tubular member that overiaps with the first tubular member; 
20 means-for plastically defomning and radially expanding the remaining portion of 

the second tubular member. 



1 36. The apparatus of daim 135, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
25 second tubular member. 

1 37 . The a pp a ratus of cla im 1 36 wherfiih thft in s i rifi ri i amA t P r?; n f f hp fif « t anr^ gorfMnri 

tubular memt)ers are substantially equal after the radial expansions. 

The apparatus of daim 135, further comprising: 
means for injecting a hardenable fiuidic sealing material Into an annulus 
between the first tubular member and the wellbore. 
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139. Theapparatusofdaim 135, further comprising: 

means for injecting a hardenable fluidic sealing niaterial Into an annulus 
between ttie second tubular member and the welltx>re. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overtapping relation to the opposing 

ends of the wellbore casings; 
means for plastically deforming and radially expanding the tubular member; arid 
10 nrreans for ptasficatly defomiing and radially expariding the tubular member and 

the opposing ends <^ the vyelibore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

1 5 supporting a tubular member in overtapping relation to the opposing ends of the 

wellbore casings; 
plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 
20 . 

142. A method of forming a structure having desired strength characteristics, 
comprising: 

providing a first tubular member; and 

plastically defonming and radially expanding additional tubular members onto 
25 . the interior surface of the first tubular member until the desired strerigth 

characteristics are achieved. 

1 43. A method of forming a wellbore casing within a wellbore having desired strength 
- characteristics, comprising: 

30 plastically deforming and radiafly expanding a first tubular member within the 

wellbore; and 

plastically defonming.and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to. comprising: 

5 plastically defomiing and radially expanding a first portion of the first tubular 

menitjer to a first outside diameter; 
plastically defonning and radially expanding another portion of the first tubular 

mendber to a second outside diameter; 
positioning the second tubular member Inside the first tubular member in 
^ ^ overiapping relation to the first portfon of the first tubular memben 

plastically defonning and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a 

fourth outside diameter; 
1 5. wherein the Inside diameters of the first and second tubular members after the 

plastic defomiatlons and radial exparisions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

20 

145. A method of fomning a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore. the first tubular member 
having an original outside diameter ODo and an original wall thickness 
toi 

25 plasticalty-defomrUng and radially expanding a first portion of the first tubular 

member to a first outside diameten 

Ptastica l ly defonning and r a dially exp a nding a noth o r portion of th o first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
30 overiapping relation to the first portion of the first tubular meriiben 

plastically defonning and radially expanding the second tubular member to a 

third outskle diameten and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. 
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wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of ^e fii^t tubular 

member to the original wall thickness to of the first tubular member is 
greater tfian or equal to 16. 

146. An apparatus, connprising: 

a plastically defomied and radially expanded tubulaLmember fiaving a first 

portion having a first outside diameter and a remaining portion having a 

second outside diameter; 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 1 6. 

147. An apparatus, comprising: 

a plastically defonmed and radially expanded first tubular member having a first 

portion having a first outside diameter and a remaining portion having a 

second outside diameter, and 
a plastically defonmed and radially expanded second tubular member coupled 

to the first portion of the first tubular memben 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 1 6. 

148. The apparatus of daim 147. wherein the insid.e diameters of the first and second 
tubular members are isubstantially equal. 

149. A wellbore casing formed in a wellbore. comprising: 

a plastically defonmed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter, and 

a plastically deformed and radially expanded isecond tubular member coupled 
to the first portion of the first tubular memben 
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wherein the ratio of the original outside diameter ODo of the fiist tubular 

member to the original wall thickness to of the firat tubular member is 
greater than or equal to 1 6. 



150. The casing of daim 149. wherein the inside diameters of the first and second 
ttibidar members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular memben 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is giteater than or 

equal to 16. 
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